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  ﭼﻜﻴﺪه ﻓﺎرﺳﻲ
ﻟﻲ ﻫﺴﺘﻨﺪ ﻛﻪ ﺑﻪ ﻣﻘﺪار زﻳﺎد در ﺗﺮﻛﻴﺒﺎت ﺷﻮﻳﻨﺪه و ﭘﺎك ﻛﻨﻨﺪه ﻛﺎرﺑﺮد ﻣﻮاد ﺷﻴﻤﻴﺎﻳﻲ آ 1ﺳﻮرﻓﺎﻛﺘﺎﻧﺖ ﻫﺎي آﻧﻴﻮﻧﻲﻣﻘﺪﻣﻪ: 
اﺳﺖ.  ﺑﻮدهﻣﺼﺮف ﺑﺎﻻي ﺳﻮرﻓﺎﻛﺘﺎﻧﺖ ﻫﺎ و ﺷﻮﻳﻨﺪه ﻫﺎ و ﺗﺨﻠﻴﻪ آن ﻫﺎ ﺑﻪ ﻣﻨﺎﺑﻊ آﺑﻲ ﻫﻤﻮاره ﻣﺸﻜﻞ ﺳﺎز دارﻧﺪ. 
 ﺗﺠﺮﻳﻪ ﭘﺬﻳﺮي زﻳﺴﺘﻲ ﺿﻌﻴﻒ در ﻫﻤﭽﻨﻴﻦو  صﺧﺎ ﺷﻴﻤﻴﺎﻳﻲو  ﻓﻴﺰﻳﻜﻲ تﺧﺼﻮﺻﻴﺎ ﺷﺘﻦدا دﻟﻴﻞ ﺑﻪ 2ﺎـﻫ  ﻓﺎﻛﺘﺎﻧﺖرﻮـﺳ
از  انﻧﺎﺗﻮ ،ﺗﺼﻔﻴﻪ ﻓﺎﺿﻼب سﺳﺘﺮو در د مﻣﺮﺳﻮ يﻫﺎروش  .ﮔﻴﺮﻧﺪ ﻣﻲ ارﻗﺮ ﻳﻜﻲژﺑﻴﻮﻟﻮي  ﺗﺼﻔﻴﻪ ﺑﻪ ومﻣﻘﺎ ادﻣﻮ ﺳﺘﻪد
ﻓﺎﻛﺘﺎﻧﺖ رﺳﻮ نﮔﻮﻧﺎﮔﻮ يﻫﺎ ﺳﺘﻪد فﺣﺬ ﺑﻪ درﻗﺎ 3ﺮﻓﺘﻪـﭘﻴﺸ نﻴﻮـﺳاﻛﺴﻴﺪا ﻫﺎيﺪـﻳﻨاﻓﺮ. ﺖـﺳا ﻫﺎ ﻓﺎﻛﺘﺎﻧﺖرﺳﻮ ﻛﺎﻣﻞ فﺣﺬ
 2O2H/VU ،2OrZ/VU ﺸﺮﻓﺘﻪﻴﭘ ﻮنﻴﺪاﺳﻴاﻛﺴ ﻨﺪﻳﻪ ﻓﺮآﺳ ﻳﻲﻛﺎرا يا ﺴﻪﻳﻣﻘﺎ ﻲﺑﺮرﺳ ﺗﺤﻘﻴﻖاﻳﻦ  ﻫﺪف از .ﻣﻲ ﺑﺎﺷﺪ ﻫﺎ
  اﺳﺖ. ﻲآﺑ يﻫﺎ ﻂﻴاز ﻣﺤ (SDS) 4ﺳﻮﻟﻔﺎت ﻞﻴدودﺳ ﻢﻳﺳﺪ ﻲﻮﻧﻴدر ﺣﺬف ﺳﻮرﻓﺎﻛﺘﺎﻧﺖ آﻧ )+2eF + 2O2H(/VUو 
ﺷﻴﺸﻪ  اﻳﻦ ﺗﺤﻘﻴﻖ ﻳﻚ ﻣﻄﺎﻟﻌﻪ ﺗﺠﺮﺑﻲ اﺳﺖ. آزﻣﺎﻳﺶ ﻫﺎ ﺑﻪ ﺻﻮرت ﻧﺎﭘﻴﻮﺳﺘﻪ ﺑﺎ اﺳﺘﻔﺎده از ﻳﻚ ﻓﺘﻮ راﻛﺘﻮر روش ﻛﺎر:
در ﻣﺮﻛﺰ ﺗﺤﻘﻴﻘﺎت ﻣﻬﻨﺪﺳﻲ ﺑﻬﺪاﺷﺖ ﻣﺤﻴﻂ  6931ﻣﺎه  اﺳﻔﻨﺪﻟﻐﺎﻳﺖ  آذردر ﺑﺎزه زﻣﺎﻧﻲ ﻴﻠﻲ ﻟﻴﺘﺮ ﻣ 003ﺑﻪ ﺣﺠﻢ ﻣﻔﻴﺪ  اي
و  2O2H/VU ،2OrZ/VUﻛﺎراﻳﻲ ﻓﺮآﻳﻨﺪﻫﺎي اﻛﺴﻴﺪاﺳﻴﻮن ﭘﻴﺸﺮﻓﺘﻪ  داﻧﺸﮕﺎه ﻋﻠﻮم ﭘﺰﺷﻜﻲ ﻛﺮﻣﺎن اﻧﺠﺎم ﺷﺪ.
ﺮﻫﺎي ﻣﺨﺘﻠﻒ ﺑﺮرﺳﻲ ﺷﺪ. اﺛﺮ ﭘﺎراﻣﺘ SDSﺑﺮاي ﺣﺬف ﺳﻮرﻓﺎﻛﺘﺎﻧﺖ آﻧﻴﻮﻧﻲ  در ﺷﺮاﻳﻂ ﻳﻜﺴﺎن )+2eF + 2O2H(/VU
-VU ، ﺷﺪت ﻻﻣﭗ (0/0-1/5) g (، ﻣﻘﺪار اوﻟﻴﻪ ﻧﺎﻧﻮذره11-3)Hp (، 001-52) L/gmﺷﺎﻣﻞ ﻏﻠﻈﺖ اوﻟﻴﻪ ﺳﻮرﻓﺎﻛﺘﺎﻧﺖ 
( دﻗﻴﻘﻪ ﺑﺮ راﻧﺪﻣﺎن ﺣﺬف اﻳﻦ آﻻﻳﻨﺪه از ﻣﺤﻴﻂ آﺑﻲ ﻣﻮرد ﻣﻄﺎﻟﻌﻪ ﻗﺮار 57-51و زﻣﺎن ﺗﺎﺑﺶ دﻫﻲ ) (51، 03، 54)وات C
 اﺳﺘﺨﺮاجﺟﻬﺖ  در ﺷﺮاﻳﻂ ﺑﻬﻴﻨﻪ ﺑﺮ روي ﻧﻤﻮﻧﻪ واﻗﻌﻲ ﻧﻴﺰ اﻧﺠﺎم ﺷﺪ.ﮔﺮﻓﺖ. آزﻣﺎﻳﺶ ﻫﺎ ﺑﺮ روي ﻧﻤﻮﻧﻪ ﺳﻨﺘﺘﻴﻚ و ﺳﭙﺲ 
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دﺳﺘﮕﺎه اﻧﺪازه ﮔﻴﺮي ﻏﻠﻈﺖ ﺳﻮرﻓﺎﻛﺘﺎﻧﺖ از  ﺑﺮاياﺳﺘﻔﺎده ﺷﺪ.  )SABM( 5از روش ﻣﺘﻴﻠﻦ ﺑﻠﻮ ﺳﻮرﻓﺎﻛﺘﺎﻧﺖ
ﻛﻠﻴﻪ آزﻣﺎﻳﺸﺎت ﺑﺮاﺳﺎس روش ﻫﺎي ﻣﻨﺪرج در ﻛﺘﺎب اﺳﺘﺎﻧﺪاردﻫﺎي اﺳﺘﻔﺎده ﺷﺪ.  256 mnدر ﻃﻮل ﻣﻮج  6اﺳﭙﻜﺘﺮوﻓﺘﻮﻣﺘﺮ
  و ﻓﺎﺿﻼب وﻳﺮاﻳﺶ ﺑﻴﺴﺘﻢ اﻧﺠﺎم ﺷﺪ.آب 
ﺑﻪ ﺗﻨﻬﺎﻳﻲ ﻣﻄﻠﻮب ﻧﺒﻮده  7راﻧﺪﻣﺎن ﺣﺬف ﺳﻮرﻓﺎﻛﺘﺎﻧﺖ آﻧﻴﻮﻧﻲ ﺳﺪﻳﻢ دو دﺳﻴﻞ ﺳﻮﻟﻔﺎت ﺗﻮﺳﻂ ﻓﺮآﻳﻨﺪ ﻓﺘﻮﻟﻴﺰ ﻳﺎﻓﺘﻪ ﻫﺎ: 
 + 2O2H(/VU، 2OrZ/VUﻓﺮآﻳﻨﺪﻫﺎي ﺗﺮﻛﻴﺒﻲ و  )C-VU(ﻓﺘﻮﻟﻴﺰ  ﻓﺮآﻳﻨﺪ راﻧﺪﻣﺎن ﺣﺬف ﺳﻮرﻓﺎﻛﺘﺎﻧﺖ ﺗﻮﺳﻂاﺳﺖ. 
درﺻﺪ در ﻧﻤﻮﻧﻪ  57و  18/5، 27، 6درﺻﺪ در ﻧﻤﻮﻧﻪ ﺳﻨﺘﺘﻴﻚ و  29/4و  69، 39/5 ،43 ﺑﻪ ﺗﺮﺗﻴﺐ 2O2H/VU و )+2eF
 2OrZ/VUﺑﺎ اﺳﺘﻔﺎده از ﻓﺮآﻳﻨﺪ ﻓﺘﻮﻛﺎﺗﺎﻟﻴﺴﺘﻲ  ر ﻣﺤﻠﻮل ﺳﻨﺘﺘﻴﻚد ﺑﻬﻴﻨﻪ ﺳﻮرﻓﺎﻛﺘﺎﻧﺖ ﺣﺬف .ه اﺳﺖواﻗﻌﻲ ﮔﺰارش ﺷﺪ
 06، زﻣﺎن ﺗﺎﺑﺶ:  ﮔﺮم 0/3ﻣﻴﻠﻲ ﮔﺮم ﺑﺮ ﻟﻴﺘﺮ، ﻣﻘﺪار ﻧﺎﻧﻮذره زﻳﺮﻛﻮﻧﻴﺎ:  05ﻏﻠﻈﺖ ﺳﻮرﻓﺎﻛﺘﺎﻧﺖ: ، Hp:3ﺗﺤﺖ ﺷﺮاﻳﻂ 
وات، ﺣﺎﺻﻞ ﺷﺪ. ﺑﺎﻻﺗﺮﻳﻦ راﻧﺪﻣﺎن ﺣﺬف ﺳﻮرﻓﺎﻛﺘﺎﻧﺖ ﺑﺮاي ﻧﻤﻮﻧﻪ ﻫﺎي ﺳﻨﺘﺘﻴﻚ ﺗﻮﺳﻂ  03: VUدﻗﻴﻘﻪ، ﺷﺪت ﻻﻣﭗ 
ﻣﻴﻠﻲ ﮔﺮم  04ﻏﻠﻈﺖ آﻫﻦ ﻓﺮوس:  ،Hp:3ﻣﻴﻠﻲ ﮔﺮم ﺑﺮ ﻟﻴﺘﺮ،  05ﻏﻠﻈﺖ ﺳﻮرﻓﺎﻛﺘﺎﻧﺖ:  در )+2eF + 2O2H(/VUﻓﺮآﻳﻨﺪ 
دﻗﻴﻘﻪ ﺑﻪ  54وات، زﻣﺎن ﺗﺎﺑﺶ دﻫﻲ:  03: VUﺑﺮ ﻟﻴﺘﺮ، ﺷﺪت ﻻﻣﭗ ﻣﻴﻠﻲ ﻣﻮل  0/5ﺑﺮ ﻟﻴﺘﺮ، ﻏﻠﻈﺖ ﭘﺮاﻛﺴﺎﻳﺪ ﻫﻴﺪروژن: 
در ﻫﺮ ﺳﻪ ﻓﺮآﻳﻨﺪ  SDSدﻗﻴﻘﻪ راﻧﺪﻣﺎن ﺣﺬف ﺳﻮرﻓﺎﻛﺘﺎﻧﺖ آﻧﻴﻮﻧﻲ  06ﺑﻪ  51دﺳﺖ آﻣﺪ.  ﺑﺎ اﻓﺰاﻳﺶ زﻣﺎن ﺗﺎﺑﺶ دﻫﻲ از 
  اﻓﺰاﻳﺶ ﻳﺎﻓﺖ. 2O2H/VU و )+2eF + 2O2H(/VU، 2OrZ/VUﺗﺮﻛﻴﺒﻲ 
ﺑﻪ ﺗﻨﻬﺎﻳﻲ ﻗﺎدر ﺑﻪ ﺣﺬف ﺳﻮرﻓﺎﻛﺘﺎﻧﺖ  C-VUﻓﺮآﻳﻨﺪ ﻓﺘﻮﻟﻴﺰ ﺑﺎ داد ﻛﻪ  ﻧﺘﺎﻳﺞ ﺣﺎﺻﻞ از اﻳﻦ ﻣﻄﺎﻟﻌﻪ ﻧﺸﺎن ﻧﺘﻴﺠﻪ ﮔﻴﺮي:
و  2O2H/VU ،2OrZ/VUﻓﺮآﻳﻨﺪﻫﺎي ﺗﺮﻛﻴﺒﻲ اﻛﺴﻴﺪاﺳﻴﻮن ﭘﻴﺸﺮﻓﺘﻪ آﻧﻴﻮﻧﻲ ﺳﺪﻳﻢ دو ﺳﻴﻞ ﺳﻮﻟﻔﺎت ﻧﻤﻲ ﺑﺎﺷﺪ. 
ﺑﺎزده ﺑﺎﻻﻳﻲ دارﻧﺪ.  ﺑﺮاي ﺣﺬف ﺳﻮرﻓﺎﻛﺘﺎﻧﺖ آﻧﻴﻮﻧﻲ ﺳﺪﻳﻢ دو دﺳﻴﻞ ﺳﻮﻟﻔﺎت از ﻣﺤﻠﻮل ﻫﺎي آﺑﻲ )+2eF + 2O2H(/VU
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 ﻪﺘﻓﺮﺸﻴﭘ نﻮﻴﺳاﺪﻴﺴﻛا ﻲﺒﻴﻛﺮﺗ ﺪﻨﻳآﺮﻓ نﺎﺴﻜﻳ ﻂﻳاﺮﺷ ردUV/(H2O2 + Fe2+)  فﺬﺣ هدزﺎﺑ ﺮﮕﻳد شور ود ﻪﺑ ﺖﺒﺴﻧ
يﺮﺗﻻﺎﺑ  ﻲﻧﻮﻴﻧآ ﺖﻧﺎﺘﻛﺎﻓرﻮﺳ ياﺮﺑSDS  ﻲﺘﺴﻴﻟﺎﺗﺎﻛﻮﺘﻓ ﺪﻨﻳآﺮﻓ ﻲﻳارﺎﻛ .درادUV/ZrO2  نﺎﻣز ،هرذﻮﻧﺎﻧ راﺪﻘﻣ ﺶﻳاﺰﻓا ﺎﺑ
 ﭗﻣﻻ تﺪﺷ و ﻲﻫد ﺶﺑﺎﺗUV-C  ﻪﻴﻟوا ﺖﻈﻠﻏ ﺶﻳاﺰﻓا ﺎﺑ و ﺶﻳاﺰﻓا و ﺖﻧﺎﺘﻛﺎﻓرﻮﺳpH .ﺪﺑﺎﻳ ﻲﻣ ﺶﻫﺎﻛ ﺎﺑ  نﺎﻣز ﺶﻳاﺰﻓا
 ﺪﻨﻳآﺮﻓ ﻪﺳ دﺮﻜﻠﻤﻋ ﻲﻫد ﺶﺑﺎﺗ ﻲﺒﻴﻛﺮﺗUV/ZrO2 ،UV/(H2O2 + Fe2+) و UV/H2O2 .ﺪﺑﺎﻳ ﻲﻣ دﻮﺒﻬﺑ  
  
يﺪﻴﻠﻛ يﺎﻫ هژاوﻲﺑآ لﻮﻠﺤﻣ :، ﻮﺳرﺖﻧﺎﺘﻛﺎﻓ، ﻢﻳﺪﺳ دودﻞﻴﺳ ﺎﻔﻟﻮﺳ،ت ﺮﻓاﺪﻨﻳ اﺪﻴﺴﻛاﻮﻴﺳن ﻪﺘﻓﺮﺸﻴﭘ  
Comparative survey of three advanced oxidation processes efficiency 
 UV/H2O2, UV/(H2O2 + Fe2+), UV/ZrO2   
in removal of anionic surfactant sodium dodecyl sulfate (SDS) from aqueous 
 
Abstract 
Introduction 
Anionic surfactants are organic chemicals that are used extensively in detergent and cleaners. 
High consumption of surfactants, detergents and discharged them into water sources has 
always been problematic. Surfactants, due to their specific physical and chemical properties, 
as well as poor biodegradability, are in the category of non-biodegradable compounds. 
Available conventional wastewater treatment methods, are unable to remove surfactants 
completely. Advanced oxidation processes are able to remove different categories surfactant. 
The aim of this study was to evaluate and compare the performance of three advanced 
oxidation process UV/ZrO2, UV/H2O2 and UV/ (H2O2 + Fe2+) in removal of anionic 
surfactant sodium dodecyl sulfate (SDS) from aqueous. 
 
Method 
  
 
This research is an experimental study. Experiments were performed discontinuously using a 
glass photoreceptor with a useful volume of 300 ml in the period from December to March 
2017 at the Environmental Health Engineering Research Center of Kerman University of 
Medical Sciences. The efficiency of advanced oxidation processes, UV/ZrO2, UV/H2O2 and 
UV/(H2O2 + Fe2+) in removal of anionic surfactant SDS in identical conditions was 
investigated. The effect of different parameters included the initial concentration of surfactant 
(25 – 100) mg/L, pH (3 – 11), dosage of nanoparticle (0.1 – 0.5) g, intensity of UV-C lamp 
(15 – 30 – 45) W, and irradiation time (15 – 75) min on removal efficiency of this pollutant 
from aqueous medium was studied. Experiments were carried out on synthetic samples, and 
then under optimal conditions on the real sample. Methylene blue method (MBAS) to extract 
surfactant was used. To determine the concentration of surfactant, spectrophotometer at 652 
nm was used.  All experiments were carried out according to the water and wastewater 
standards methods. 
  
 
 
Results 
The removal efficiency of anionic surfactant sodium dodecyl sulfate by photolysis process alone, 
was not favorable.  The removal efficiency of surfactant by photolysis process  and combined 
processes UV/ZrO2, UV/H2O2 and UV/(H2O2 + Fe2+) were 34, 93.5, 96 and 92.4% in synthetic 
samples and 6, 72, 81.5% and 75% in real samples, respectively. Optimal removal of surfactant 
by  UV/ZrO2 photocatalytic process  in synthetic samples was obtained in pH = 3, initial 
concentration of surfactant = 50 mg/L, dosage of nanoparticle = 0.3 g, irradiation time: 60 min 
and intensity of UV lamp: 30 W.  Maximum removal efficiency of surfactant by UV/ (H2O2 + 
Fe2+) process in synthetic samples  was determined in initial concentration of surfactant = 50 
mg/L, pH = 3, concentration of ferrous iron = 40 mg/L, concentration of hydrogen peroxide = 0.5 
mmol/L, intensity of UV lamp: 30 W, irradiation time: 45 min. By increasing the irradiation time 
from 15 to 60 minutes,  the removal efficiency of anionic surfactant SDS in three combined 
processes UV/ZrO2, UV/H2O2 and UV/(H2O2 + Fe2+) was increased. 
 
Conclusion 
The results of this study showed that the photolysis process alone is not able to remove anionic 
surfactant sodium dodecyl sulfate.  Advanced oxidation processes UV/ZrO2, UV/H2O2 and 
UV/(H2O2 + Fe2+) have high efficiency in removal of anionic surfactant sodium dodecyl sulfate 
from aqueous. In the same condition, combined Advanced oxidation processe UV/(H2O2 + Fe2+) 
has a higher removal efficiency for anionic surfactant SDS than the other two methods. Removal 
efficiency of photocatalytic process UV/ZrO2  increases with increasing dosage of nanoparticle, 
irradiation time and intensity of UV-C lamp, and decreases with increasing initial concentration 
of surfactant and pH. Performance of the three advanced oxidation processes UV/ZrO2, UV/H2O2 
and UV/(H2O2 + Fe2+) is improved by increasing the irradiation time. 
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